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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the formation of vacancies and reduce the density of 
an oxygen deposit in a single crystal by introducing hydrogen at a specific concentration into the 
system for growing the crystal according to the Czochralski process and further introducing 
nitrogen thereinto. 

SOLUTION: A crystal is grown while continuously introducing hydrogen gas at 3% to 0.1 ppm 
concentration expressed in terms of volume ratio into an atmosphere when the silicon single 
crystal is grown according to the Czochralski process. Furthermore, nitrogen in an amount of 
1 x 10 16 to 1.5 x 10 19 atoms/cm 3 is contained in the silicon melt to grow the silicon single crystal. 
The crystal defect density having >0.1 \xm size expressed in terms of diameter is preferably 1 * 10 8 
to 1 * 1 0 9 defects/cm 3 in the thickness center of a silicon wafer prepared from the resultant silicon 
single crystal. The obtained silicon wafer is then heat-treated at about 1 ,000-1 5 300°C temperature 
in a nonoxidizing atmosphere for >1 h to produce a silicon semiconductor substrate. 
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*«iED^(c J: 096tifclS««fc OfWShA:^ !> =»> 

MXZZ, *HCRft£;**lS *>©•?«#(,>#. C©JS3© 

f^ffjcaj. Sffi#><E>8£;*0. 1 wm^-C(D^{c48^ 
-C. iSaJft^-C 0 . 1 y m^±©*SSXR5®S* s 1 0 4 

-T3&©<!:{;m&9, ftJf&WlLXftffinm-fZCttj: 
< ^SaaXH^ig-C 6 . ifiS&JI-C 0 . 1 y mfei±©fe 
■H^ffitfl 0'fi/cm 3 fcUiTgiBU 

[004 0] #«c. ^ggcc^sifu ©-> y 3>ifiS 

Sffi©S?3*2fSE «> ±IB^ 1 ©ffeBJlft t> O itm 2 ©#£98 

a >mmam u x & * c <t <t -r * . 
[ o o 4 i ] ±&utc£ *> K.m i (Dftwozmmftmicte 
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10 

t»r »6 n/c-> y 3 >3M£H£ o fpss<? n/o y ^ > -5 

x^H, 0. 2 AtmgS*-?-nia±©^?l^B*^fiSU 

-cfce-f. ^©^©SS&^SKfc^T^ti/c^y 
3>m B B B«fc0f^»3n/c->y3>^x^fc. ^?i^pg 

^rtB^ae^se-cwL/rt^cD^-c**., ae-5-c. 

^©i'WffiffcS&mtc <fc o x u >J3>-)x />*ffi«J8tc 
. -y ■< x&mmknx- o. in mfcLb©^*^ 

PlO'i/c m 3 fetT-C* * <fc 5 ftttttftsx f 

-> + )vm<D&rj: f>r x t- ^ * ju®ita8?©-> y a > 
^*£tft t r ftmmm-? h c i < x f * * is .f ^aita 

[0 042] C©I4©V;3 *S3S«C*J 
t>TB. ±IBm 1 ©i3i&#£g/cW:SB2©S3i§#8cCcj: 

"ja^feSJl^xfaf+^f ;UfiS;s$-B-€.o if>+ 

gBUfc. ^^^#HMrt"CBif5E (-)S«c«9 0 0'C*> 
6 1 2 0 0 TOlirtO-SIS) ©ias«*t?#s 
30 U ?l#^#S'ft7k3g^ty^^«cj:Sx 

[0 04 3] zh<<c*miK%z>m5<ou>)-3Zsm!iW 
wsLommum^ futa^ 3 (Dm&xmicj: *) m ^n-tc 

>j a >m&gm zm& u x & z> c t ztm 1 1 * . 

[0044]tiftb^, ff5©i"j3 

mama, ±faJfn©3&§:^Sfcttfg2©ig&:££{c 

ffiweo-ctfe^s^y^v^i^*. ^ttttia 
*«:*jt>r iooo *cjw_h l 3 o o -cWT©as-e i b# 
rs&.±MdSML, ft e.n/c^y rj>-i»x^ffl«:§6K 
x f $ * is + «fc o t/y =i > 4 iiS 5 if a 

4>©-c*-5. ^^tetft^i^tf^rs^®©^^ 

£6«:xb£*->+ jui^s-r-scifcfc^r. <fc»5 
^K:S®^BS©^fiB{k*S-5A:t>©-C*»J. 

xfr-o+ftrms<omxffimzmffimmicmL. 
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[0 04 5] CODi^fC. &ftW<Df&5<D~>'J^>l/¥-& 

[ 0 0 4 6 ] SH 3 <D-> 'J 3 ifc-2>I?®:£& 
{CiJW-5 £HHi©SEi3*P6 . &*agj&gtt looo °cty 10 
±1 3 0 0 'C&.T. W.t L < it 1 10 0 -Ct(± 12 0 0 

(owj^y^mf^mm^m^mm.^micis^x^K.mm 20 

[0 04 7] 

[0048] 9mm 1 

8Jy?-m (ii:S2 0 5mm) fiigSSfctPM 
> F-^") . SCv^tt 1 0 Q c m-C*S. 
[004 9] ®5&£SfcDl' > ;>#@$rata3?£liMU 30 
8. OxiO"atoms/cm 1 ©lS(KSiSa 

febtc. fcm&&ttl ■ Oxi0"atoms/ci ! 

[0 05 0] SmRrttCtta-^ Kx^^U-^-*>e, 
tt*&3*iSr;W3>**^?r4 0 L/^©SSffT. 
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n->^{C*fU5 0 p pmVMmiktUZ&'ilcmXL 

[005 1 ] S^ftfclSSfcfffffit-ifcaMc. ?|±WfiS 
L/cl£fl£l?]»r. nf§f¥ffiU^. *7^*H§taS«fg~Sfc 

•5 0. 1 // m«±©-9" ^ X©*SHXPS©«g£fi^. $ 

1 w^-r. 

[0052] itl^ 1 

-r. 

[005 3] HJ60H2 
«©^-C. 7. OxiCatom'/cu'ClfiS 

[0054] imm2 

*j&#x£&Ao£ri>tww:. mmw2 tmuo$&-c 
-r. 

[0 05 5] m&W3 
[0 05 6] ikt5«a|3 

jm^ii^&jc^a^s**©*^ t;u=*>#* 4 0 l 

/#lc*t L- 4 %<D{*SJ££ tc £ J: 9 «C ilA L fcJ&M-ttX 

? i±pa«K*ifi 5 mr$*mm utcm&r-. ma®.mk. ^ s & 

gt«aM^e>^L-Ct,=-2)S i 0^i#lSifi©*f 
[0 05 7] 

[an 



* 



(8) 



13 
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«s/c c) 


££0f 1 


0-15 


1E+0 6 


tmmi 


0.2 5 


5E+06 




0.15 


8E+05 




0.2 5 


4E+0 6 


*6H3 


0.18 


1E+0 6 


ittt«3 







[0058]* 

8-Y>^ffl 0 5mm) e^M«PS 

>K-7") . OQcm-C^S. 1)80 kg© 

JUCJsfSrlSf&U it&2 0 Smm©^ 0 k g©-f>rj ? 

[0 05 9] g5&©SSMi. -> > K- 7*©~> l» a >SS 

©g^igg* 5 l x l 0"a t oms/cm'iftiJ:') 

©^3tiSK« 1- 5X10" atoms/cm 1 

[0060] g?^ig@[»Jl'^^lHl^iiS^ ; S:i^b. 
8. Ox l 0 17 a t oms/cm'Oigg 

jgl/fc. gy&ggttl . 0X1 0 16 a t oms/cm 3 

6. * 



* [00613 m±m^icit='-)v v3-x#\s-z-is>h 

m&3tiZ>T)l=f>#X&4 0 L/53-©d£S-C. H?f4© 

U a >#Si!fg£«}«>r h . -Y > =f v b ©3 l±^T"r 
6*-C©F^. ?|±«^©T^d'>^X©3»AP*»6TJU 
3>;tf;uc*fO5 0 p pm©ftaJtcb«£-5>J:'5{cjgAL/ 

[0062] nztitc&ghzmm-i-ztcibK.. ?i±wjs 

«cj;'3^';n>'i»x^©J13tf'Cv tcfcW 
SO. lii mJjLt©A-# S ©*Si!l^|i§©?BK£fS^ S 
6K^K&*©4>©K:teWS^|fc©;*t3£I8^fc„ *§ 

[0 06 3] tttg0|4 

ISfflkDSHiifcfTofc. *£^**2{C7n 

[0064] 
[t2] 





<»&&1fi&k(»*%t< Urn) 


(fi/c c) 


ISI6tf4 


0.12 


2E+0 8 


Jt#«4 


0.15 


8E+08 



[0 06 5 ] ^»095^6fcJ:ettfc«0!l5-~6 

xttwi; 4»c«tttWi. 4-e»6*ifc**^*TK 40 

[0 06 6 ] ->U3>»)x^8 0 0 •c-c*fi*«c#a 
L/. #A» 1 0 *C/m i n "C^S LI 1 0 0 *Cr 8 B$Pd! 
Ofcfft* - 1 0 °C/m i n 1800 °crs« 



», S«**fAL/c e 

[0 06 7 ] (RftiaO^ x^OD Z^rtc7)iXR|c7)®g 

11^6 0 n mi t/cg{c!f l\ COPCDif 

<DCOP©«5EMt -?/Co **:***^*5WS0. 1 
M m «±<D*# 3 O^Bflf h * if * ? tB^ 

/Co fS**«3CC5Vr. 
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15 



(9) 
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16 







(li/cc) 


m/c c) 


(1/cc) 






5E + 03 


5E+04 


1 E + 0 6 


*ttt«6 




1E + 04 


6E+0 5 


5E + 06 






1 E + 0 3 


5E+03 


3E + 0 8 






1E+03 


5E+04 


3E+0 8 



[0 0 6 9] mtumi^i ote&mtnwi^i o 

cc««u ioo°ca>e>i iso 

»»iaffc», h y^oj^^>x/x*ffli>r i i 5 0°c 

/Co xfcT£*^*;l/'> *^<D3*ffi#>6a£3 5 /im <xt'*20 



(xt*^ + >>^;u@«SMoa®^^>aiS 1 Mm) co(4 

[0 07 0] 
[«4] 







(IB/cm 3 ) 


cm 3 } 


(fl/cm 3 ) 






5E+05 


5E + 05 


1 E+0 6 


IMKM7 




1 E + 0 6 


1 E+0 6 


1E+06 




jhwh 


1E+03 


1 E + 0 3 


2E + 0 8 




tHM4 


5E+03 


5E + 0 3 


8E+0 9 


**«9 


SUM 5 


5E + 03 


5E+ 0 3 


1 E+0 6 


it««9 


lt««5 


5E+04 


1 E + 0 6 


1E+06 


ftlMl 0 


SUM 6 


1 E + 0 3 


1E + 03 


2E+0 8 


tttwu o 




3E + 03 


3E + 0 3 


8E + 0 9 



[0071] 

[ 893©*&» ] feLBfi^fc «t 9 K49B9iOWUSrttlC «fc 
Das g r ownCCfcC»Ttfffl^43£?L^fi&©lMX 



#6*1, 1HN^©ffibHIIHtt&9*34-i£MOS? s '< 



(10) 



15132 0 0 0-2 8 1 49 1 



7U> b^ — isCDgt^ 

(72)IHB:§ *Pfg f£l£ F * — 4G077 AA02 AA03 AB01 BA04 CF10 

#5&JHmJI Wrfj*MK#ffl3 -35-1 «f DB01 EA06 EB01 ED06 FE02 

0 ^mm^^itt^mmm^^ feu 

5F053 AA12 AA13 AA14 DD01 FF04 
GGOl KK03 KK10 PP03 PP05 
PP08 PP12 RR13 RR20 



